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(57) Abstract 

The carbonyl compounds contained in patient blood can be effectively removed by bringing the blood into contact with a trapping 
gent for carbonyl compounds, whereby the disorders due to the compounds (e.g., carbonyl stress) can be relieved. 
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•i'S^ildrbT, ■^F^S^lC&ttS AGE (advanced glycation end products) 

^<DMm&'v&z>ftfrtf— )v*v$fe<D\''<)\'(D±.¥tffimi *>nz> a age ^ 

<Dmffiti&fc<n5£fc\zmtt&Z.hifim. 1 £-Zn-C^Z> (Makita Z, et al. N Eng 
i J Med 325: 836-842, 1991; Miyata T, et al._J Clin Invest 92: 1243-1252, 

1993; Miyata T, et al. J Clin Invest 93: 521-528. 1994; Miyata T, et al. 

Proc Natl Acad Sci USA 93: 2353-2358, 1996; Horie K, et al. J Clin Inve 
st 100: 2995-3004, 1997; Miyata T, et at. FEBS letters 445: 202-206, 199 

9). w^-ete&i&^iz if v )i, y-f-jufytt-yr—M z-^ttis? 

)Vu V y*7y bV— s\ (Odani et al., Biochem. Biophys. Res. Commun. 256: 
89-93, 1999; Niwa et al., Nephron 69: 438-443, 1995; Miyata et al., Kid 
ney Int. 55: 389-399, 1999; Miyata et al., J. Am. Soc. Nephrol. 9: 2349- 
2356, 1998) & £<Dll ^-^mW^^Tt^ Z\ £ (^t>®Z>iJ)\'#—)l>7> h 
\sX) (ZckO, ACEM*^^;^±#-r-SCi*^ ifi^K6*MC$nfc (Miyata 
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T, et al. J Am Soc Nephrol .9: 2349-2356, 1998; Miyata T, et al. Kidney I 
nt 55: 389-399, 1999). AGE Mm&-V& Z> 2 JU*®mt. 
bT^7Klb^J*5ckOTMt*5!5TS (Miyata T, et al. Kidney Int 55: 389-39 
9, 1999: Miyata T, et al. Kidney Int 54; 1290-1295, 1998: Miyata T, et a 
1. Kidney Int 51: 1170-1181, 1997). t gJF±&&\z£>ttZ>* C ft £ AGE -$>;*j;i/ 

2>mm&®±Tz>z.£&*imiiti:z>. M.mmmmMcDtDV'^-Mt^mz^^m 
Mt£;®m\z£<D£?fcmm&&itt<Qfr&&ft^tc, # )v-#-)v^m&<D^m 

m& puTbtf^yj- (hplc) 5£* L , fi#j&*3#f 'fcffija Lt^s Stfffit 

j8*Tl!l©a?lSiJTtt, low-f lux ±:)Vu— 7.. high-flux tJ?U j^JM^ U U 
— h (PMMA) , 43ctZJ?AN69 lC43^Tte, afi»^£!43 J:£Xi»«SK> h ^S?>tt. 
l^t£&l^<Z>M£7KL£:7^\ high-flux ^'JXJl/7t> (PS) K*5V>TW:i£V» 
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^£T?S6ttB«) Sn^oft. MJ&*ffiffl*rs2tffI!IS: AN69 frS PS K 

kbit**:, t>to^;p*T?±»Ufc. nne>©3g*a>£, *;u^-;wt:^o 

Tzlt)<Dfitik&£.Z£MmzMTZ>a 

( 1 ] • Jfo * <Z> fi%tf=.Mk-£Qtl £ Z>tztb<D,ti - Mt&m b 7 y 
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C 5 D 3W^'J7^7^>lT$5, C4 3 KfBi&<A#Jl^-;Wb^#ih^ 
C63 ^;^-;Wk^h^y^J^^-r^-HSJ^Pl#^JTfeS, Cl3 fc8B 

mt-rz cn izmm.(D^j^=.Mt^b^y^mo 

C l 2D jfc^0^fi{c@^{t^3fca6<c>, Cl 13 ^l2m^^;i/3^n;i/7. h 

Cl 13 »caai6<z)*;usi?3:;^M/Xtt«BBkSjW. 
C143 7* J >T7i=.V>. hfU H^^>, 

£tt5'>&< <h& loo-ffc^T&S, Cl 33 £Sa«©:&;U3tf- h 
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§8 \z *s n T&JS T 5 £ £ a*"? € 5 X )V tf— Mt h 7 y y^J iz it > #J \i 
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• 7* J 97 — >?>(Foote, E. F. et al., Am. J. Kidney Dis., 25: 420-425 
(1995)) 

• ± 2--f V -f □ h? U t H 7 W -4-:*-£ y-^T 1/ U v >-5— r -fe * — U 
K (±2-isopropyl idenehydrazono-4-oxo-thiazol idin-5-ylacetani 1 ide: OPB-91 
95) (S.Nakamura, 1997,Diabetes. 46: 895-899) 

£ ZlZtMVtf-Mk'&yi h ^ yaffil t.tT«, ttfctf&TflDdkafcft^fc&Sfc 

- i\) ^^)VifT^j>ts.E<DifrzLV>mmm^m^Q 2-14211 

^HBBS 6 2-2 4 9 9 0 8^, 4$§B¥ 1 -5 6 6 1 4^ #H!1¥ 1 - 8 3 0 5 9 
1 5 6^f, #§S¥2- 7 6 5-^, 2 0 5 &m 

^6-9 3 8 0^, #I¥5 - 5 0 5 1 8 9§)„ 

(2) ^;Hfc-;Ut h*^v>7£i:<Z>t: h^^^i*. 

(3) fcf7l/n> '(#M'¥6 - 2 8 7 1 7 9#), bT^V/U > 1 0 - 16 
7 9 6 5^), fcf^\/-;U (#P1¥6 - 1 9 2 0 8 9^, #^5jz 6 _ 2 9 8 7 3 7 

&ffl¥-6 - 2 9 8 7 3 8^), <5^yj.v> (#W¥5 - 2 0 1 9 9 3^, 
#H¥6- l".3 5 9 6 8^, #^¥7- 1 3 3 2 6 4-^, 0-1824 
6 0§), h-f> 6 - 1 3 5 9 6 8-5§) 2 fflCDgSSIKTS^r 

(4) MJ7V-;U (fli¥6 - 1 9 2 0 8 9^) 1z£<DZm<n&lk]gL=f-tttZ 

(5) ^7^U> 0 - 1 6 7 9 6 5^), ?77-Jb (#HH¥4- 9 3 
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7 S*$. 4#|!§¥9- 5 9 2 5 8*f), f7yjv> (4f§H¥ 5 - 2 0 1 9 9 3f, 
^3-2 6 1 7 7 2^, #I3¥7- 1 3 3 2 6 4f, ^i¥8-l 5 7 4 7 

3^) tzEnimo^mwi^t im<Dmm.u=¥-*m~?z> sm&mw&fc&to. 

(6) ^^\/-;u (4#pj¥9 - 59258^) i m^mm^t imom. 

(7) bfU> ? > 0&P1¥1 0- 1 5 8 2 4 4-^, 4#§?1¥ 1 0- 1 7 5 9 5 4^), 

if u 5 v>- 7-50081 m) tz £<D^Mm 6 mMMm^it^mo 

(8) <>^y— ^ ORFBB^e-S 8 7 1 8 0#), ^>^5^/Hl/ (Wfflsf 
6- 3 0 5 9 6 4#), * J U > (#IB¥3- 1 61441^) &£<£>^?{i*iS3- 

(9) ^>V9-TV—)V (4#§f§¥6 - 3 0 5 9 6 4^-) <D<£m^g.Mffi&^ 

(10) ^>v^y^> (#i¥7- 1 9 6 4 9 8^) t££<D<sffim%mmm& 

(11) ^>Vbf^> (#HB¥3-2 0 4 8 7 4^. $#P?¥4- 3 0 8 5 8 6^) 

(12) #;W\Vf Jl' 6#, #§fl¥-2-7 5 3^), #;W\*v>& 
(#IS¥2- 1 6 7 2 6 4^), fc. K ^ (^PJ 3 ? 3 — 1 4 8 2 2 0§) 

(13) ^>^y > (#P¥9 - 3 1 5 9 6 0.#), t h'O^y > (#§fJ¥5 - 9 
114§) tzE<D*rS >m* 

(u)mmmvts)v#ym. o&n^i-s 6 6 1 4^t, #gn¥5-3 10565 

(Wtr-fm^it&y) (#BSBB6 2 - 2 4 9 7 0 9*f). 
(16)W^\>U^-£ (^¥2-6 2 8 8 5^-, ^¥5-2 5 5 1 
3 0 ftffl¥ 7-2 4 7 2 9 6§, 8- 5 9 4 8 5f). 
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(17) 7 7^y-f <«rW¥3-2-4 0 7 2 5f, ^¥7- 2 0 6 8 3 8"*t, 
4#WJ¥9 - 2 4 1 1 6 5^ WO 94/04 5 2 0), 

(18) T;U=^;U7 5>IH <«rBH¥6- 2 0 6 8 1 8f, ^ggspg- 5 9 2 3 3^, 
#H¥9-4 0 6 2 6-#, 4#§a^9- 1 244 7 

(19) TS/SES (#^¥4- 5.0 2 6 1 ^i¥7-5 0 3 7 1 3^). 

(20) T^H^DU> 0ftH§¥6-3 0 5 9 5 9f), (WO 9 1/11 
9 9 7), tfPD^f'J^- ^.(^PH^Fl 0- 1 5 8 2 6 5-^) tS.ZGjf&m 

(21) ^U^y^H («p*¥7-5 0 0 5'8 0#), 

(22) t!U h*^+T5 >&£<Dtf ^ >^ (W09 7/0 9 9 8 1), 

• (25)5=-h^1M^ U>3Hb-&$l («r&B¥6-2 5 6 2 8 0-S|)„ 

(26) ^ hit>« (#^¥ 9- 2 2 1 4 2 7 

(27) ^>n>|^ (^PB^9-4 0 5 1 9-^), 

(29) ^ 7x>tJ>;U^>, *5«tt>'y-^;b^ >7^i:©t*^T^-'r Ho 

(30) -f *>3£ifc*fJIB& ^OifiS^^tt. .. •■ 

MlC^i;*#»lRW3a:*fkS^T?»t)» mi&ZX^v-V (Maillard) 

;&tmKM(Dm&M*mmTztn&izm&rzmmzmELTm&i,rz (Ma 

i 1 lard, L. C. , Compt. Rend. Soc. Biol., 72: 599 (1912))„ ^— KKJ&te, 
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aic) w&fcto-cmfe-zn* zb\zznfim%ffi&%\z&^Tmm-f2>zttfmBM 

b (Rahbar. S. , Clin. Chim. Acta, 22: 296(1968)), *tl&&mz£zftft\Z& 

%<k<Dmft t(Dm&&&m'£tiz>&o\z?3i-DT%rz. ^bt, coia^frrt 

> 4f b © u e ifim yf n 5 o 

^ijT^jo-MJMi^, snu*;^-* t*-;u^a-g- 

#\ #iJ75l«*l^ 3P'J<5K*I^#, ^'J^l/^>^1^ #1)7 
U^7^>, #'JI-fMJI/7tX ^UyofcfU>, #<J tT-^TJl/^- 
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5RiJIfl/>rU7^^K 3S.U75-H, v'J3>iJ§, ifrU £ 

■&HMVt* A:i;&A»ttfc£j&*fctf'Sns. £:M IPS, * 

bttt, 75^1, 7;i/TtHaS, *^^S, 5=-^— )l 
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11 

;Ut H^> J >SS:Wr5^'J7,^U'>©#: (PS-TsNHNH 2 , ARGONAUT TECHNOLOGIE 

&a>e>, >7-y^j^a*^^oa®K:.«k03i^fe««ffi^a^sn*. asms 

SCttKflE3K»«M, ^>?»fiSlt«M» #*&M&<£:*>*W StiS. 
b z> v "fir* £ 1 *> pTbSt?* 5. 

fro 

(PAN), #'J75H, #U-f5K, ^'Jl-fWaX v'JnX tf'jXX 
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jfa.m£<D&f&mizm^Z> bJyffiMfi'Pfcteb.* g^CItjiatC*^^- 



WO 00/69466 



PCT/JPOO/03029 



13 

Hilt 3A©Mt*W5., jfr$^>b~>v?>l^;U (pmol/mg protein) Id 
-R£t-Jk^§#TM<Z)StK<^ 1 «>), 

fi#2(D), B#3 (A)-£\ -e-n^tl41.8, 22.1, 28. 5 pmol/mg protein) iztt 
#*itt*»!IW©ft&fc: 2HfBOIKIWS*ttT«fl!lSnfc2-!J->' 
^;KO^T*5 (AN69 &<£tf 0 MS, PS fc3£|g&<& 8 *3J: 

' 1 0 31 S » AN69 \ZM L 1 4 1 6 MB Xo 
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" 1 . 

^;Mr-A<n=29)i;fcttB*A(n=97)T, & 3 M<OMW&^t Sfro TUSJj&# 
126 i& (J§tt69«, 3d4 57£) £M3SELifc. ¥£frte 61. 2± 13 (^2j&MM)ITe& 
ofc. 2 II S*m*!Tf*-3fc. t^T(D§ftt, 4>fc< 3*. 

ah (Sfctt, 2, 3 3 *n£kprc&s>tfi* ikffi&m<Dmte&>m iz 
■£>rz-DTmcmm<D&LmmvTm&&mLx^fco 'w*— aj&#29«+ 26 

*M©*;Ut-^S» 8#»«ll6<il/dayh SffSUStSdU 43<fctf]fiif£j8$r<Z)3 
2. J^COS^ 

ifofBEMUrMte, high-flux (UF -f >T r ^ ^X>10ml/mmHg/h) AN69 (HospaKFra 
nce)ttK) (AN69S), high-flux 4?U *JH7tf > (Fr es en i us (Germany) 1±§SD (P 
S»), high-flux ^)X)V7zt> (Ai^xW^il/Oapan)^) (APSS£)> high-f 
lux. 3j?"J $9 U h (polymethylmethacrylate) (To ray (Japan) %t§20 
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(PMMAUK low-flux -fcJI/D— X (M^^^f^;KJapan)i±^) (-iz;UD — 

3. 

±1> hi'zS><Dfem\Z\Z, ^(50Ml)=&^^$i±> 100m 1 <D 6N HC1 \Z 
mm^^MMXWi llO^T 16^0^^— bUlOOjLil £>5N NaOH 
200m1O0.5M U >tA*«;7 7- (pH7. 4)T^?n^, ?LS 0. 5 Mm <D7 << T 
SKfiU PBS T 20 L&. i8«S!^>h^S?>©je*ldi* ^(50^1) 

lCHg<Z)10% TCA£*g-&^ 5000Xg \Q ftT?&foVtz. a ±*S£?LS 0. 5 <Dy 

dtl?)Oli^ t t I <7)^> h*>5?>§ C18 a^+S^^A (Waters, Tokyo, Japan) * 
ffi^fcj£*SHPLC (Miyata T, et al. J Am Soc Nephrol 7: 1 198-1206, 1996) T? 
^*fUfc. &3&fcfflg (RF-10A; Shimadzu) SrJBU, iai@&£/&tti?&5& 335/3 

MSi^^^> hisV> (^>hyy>/Ifi) (pmol/mg protein) te> [jfiiJfc 
±^ > 1> > ->* > (pmo 1/ml) - >bzsi?> (pmo 1/m 1 ) ] / UaftS £ WkS. (mg/m 

I)]fc.kD3¥tHL;fc. 
5. JMSMOJKffHRtfr 

>^-v (%) tbtllfc. mWWmm<Dy i -<!7fc log Sift bit. -7t§2M^ 
ifc##f (one-way AN0VA) (F fc<fc 0, iAr-^i^>hyy>^ 
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Bonferroni t-test ^m^xm^fmcD^JV— Zf&lt&fttfrLtz. ~§k^\Z 
5 ffOi^O cross-sectional UM^fOf^^B: 1 tc^-f. 3M&K:§SLTte 
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N69, pmma, *3«ki;-fe;i/n— ^»*c«^ii;u^;wT»o, ps m&&z£ aps m~c\t 

mMlzm^tz. PS^tAPSStOWTttWjftiitt^ofc (12), 
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£>£ZSf$sm) (Dm-as Fresenius ft2;fcteJiB;*5*-f:*j;M± (As ah i ft) <£>#UX 

h'^^U^ttl^ttOtt^L/fc (^4). 

£3 

'Ot-is*JWm& -0.28 -0.08 0 OU 0.03 

aiXi^>h'>^> -0.36 0XI1 -0.12 015 0.02 

**:p<0.01T?*fiB 

%4 





Fresenius 


Fresenius 


Asahi 


Pfit 


(pmol/mg protein) 


14.6 ±6.2 


15.3"±6.3 


16.2±4.8 


NS 


3tttt'<>r>5/5» (Dmol/ml) 


37.3±19.6 


45.42:25.9 


32.4±11.3 


NS 


«?mH& (ml/day) 


938(23) 


49(14) 


47(10) 


0.004 



j^frfci", ^> h'>v>l^^;i/«|B|^(C{g^ofco Fresenius ftg^DTJU^* 
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>Sre«U 300ml/niin $jSA§St*i^tTt)^>h'>v>I/^KDl 

AN69 high-flux £fc> high-flux <D AN69 t low-flux CD-fejUn — X 

(^iciiiin^) (Forward stepwise multiple regression analysis) K:J:t)&56 
Lfco t^TC^li, BMDP^cthV^ h^xT (BMDP New System Professio 
nal Edition: Statistical Solutions Inc., University of California Press, 

Berkeley, 1995 (DWiW Zm^Tft-Dtc, P<0. 05 h Isfc* 

m <d m m i z £ ■? x g«p $ n & t ^ # *. £ n s . 



(Forward stepwise multiple regression analysis) 















(increase in R) 




(increase in R) 






0.53 


<0.001 


0.59 


<0.001 




-0.21 


<0.001 


-0.36 


<0.001 




-0.17 


NS 


0.05 


NS 




-0.05 


NS 


-0.1 


NS 




0.12 


NS 


0.16 


NS 




-0.01 


NS 


-0.08 


NS 



6. jfliiBuS«f^©^> n is>>>i"v\'iz%.te-rMVfm<D%bm 
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•t&tztb. high-f lux ^UX;i/7*> (Fresenius), AN69, PMMA> Sfclilow-fl 

&6 



-IsJtDJfiiiSaWl^fclt a^i/ h ->i?> linear 





PS 


AN69 


PMMA 


-feJUP— X 




n=14 


n=15 


n=9 


n=28 


^> hvv>/alS (pmol/mg protein) 










to 


14.6 ±6.2 


25.4±8.4 


24.3±8.5 


21.8±6.4 




13.8 ±6.6 


23.4±5.6 


22.8 ±8.3 


22.1 ±5.8 


jfi»^>h*>i?> (pmol/ml) 










TO 


37.3±19.6 


76.4±28.5 


70.3±26 


53.5±18.5 




10.9 ±6.6 


17.5±4.9 


21.7±7 


14.7 ±6.9 


(»'J?m) (%) 


(71±11) 


(76±7) 


(67±9) 


(73 ±6) 



WPhtzi3\ ^-^Jt^^-r^XCOPT^T^O, 76% (AN69) 67% (PMMA) 

OMT*^fc. ^P-yw»C*aS«:Jgtt«:^-3fc. tot, *U^;P7*>fiHc 

> hv^>l^;U{;i^M£#A&^;r <h£^L£: (Miyata T, et al. Kidney In 
t 51: 880-887, 1997) a Z\<D%aM.U* ^> b isi/XD 95%te, 5g#rTBfc££*l& 
^7JlZf LTV>3 (Miyata T, et al. J Am Soc Nephrol 7: 1198-12 

06, 1996) tv^ommiz— Krrso ^©^n, j£iB©4o©»&*;a!a<ois*r 

vi/*><D#^S (379 Da) ^n^fl^nS^diTSS. &%imtir<Dltl&<D 

7^<> ^>h^^><DMh. tf'jxjuyx^mcDmtiTmiz&zmffi^izmm 
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»^ > h -> 5? XOfiiK & «!J J£ b £ C 5 , ft© tt-fe;w n - 7.^*3 «k u x ;u 7 

zmt&iX hU';*&jtt4>£l*SpJHte'b%*5ft£ (Miyata T, et al. Kidney 
Int 54; 1290-1295, 1998; Miyata T, et al. Kidney Int 51: 1170-1181, 199 
7: Loughrey CM, et al. Q J Med 87: 679-683,1994; Ueda Y, et al. Biochem 
Biophys Res Commun 245: 785-790, 1998; Kumano K, et al. Adv Peri t Dial 1 
992; 8: 127-130; Wi tko-Sarsat V, et al. Kidney Int 49: 1304-1313, 1996). 

skew*, h \sx<dwp\z&k), Mt£;wm$Liimz-t>n. *n\z&K> 

^> h->v><Z>^^M^TSpJfg14 : ba ; 5(Miyata T, et al. Kidney Int 51: 
1170-1181, 1997) 0 

# u x ;u 7 * >tt »c is v ^ xftm W iz^>h-> v y v < u z HbMk £ s* 

SbZtctsb, fiaSW (>5^) AN69 te«k 5S*r 3 AOSSRSEMlC^ 

longitudinal /«j:flP#r£fTo&. Mtt 10 iHIHJOIKK l^*f CDSlTO£J#otf 
VX)l>7*><Dmtifm (Fresenius) {CckSigtfrK^U f0i AN69 KfS^M 

bfe. ps '^(©scigcD 2 awwos«fwa» "(2K»>, psatffftiw^cswBaiiC 

# (5 St**)* AN69 'xgSL&fg, 14-16 iao2*fmtt*f (2 1***) 
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AN69 ©a^SL'^tt, PS td^gMtf) AN69^fflB#OU^;P^T?M-S^i:^I 
WLfc (01). 

AN69a>£PS f:i«fc5MWl£^?TL£:0#© longitudinal &©f2£{c::fe^T^3§l£ 
nfc^> 5^ >l^;U(E>M*H3:, cross-sectional tZffl2tlZ$$\,*TM&-£n?Z P 
S^«t AN69^<!:©F^OjS^^ 1/3 KliBgffcH a 6 fc:*fL 10.4 pmol/mg protein), 
Z(Dftm\Z. PS2W#fTfcJ:.3«*a«, 10 Mb^frfrn&T^o^.hKck^C 

jg SSiB^S^>h>'i?>OJ!Di«E*«il^Ci:^w$nT^a (Miyata T, 

et a I. Kidney Int 51: 880-887, 1997; Hricik DE, et al. Clin Transplanta 
tion 10: 568-573, 1 996). 

SRfiibfc^ux^^xaMstc^jujix-^b F^isym&ife'&vrzbo (ps-tsn 

HNH2, ARGONAUT TECHNOLOGIES *t) ZtiJUtf- JWfc'&tt h 7 y ^ t'— X'£ LTffl 
MK&Vtl h^^ytf-X$»PL>c@«fm#jfilSI$: 371CTM >^a^-hU ^ 
tc^-=L — ~7\Z* ZSt^AXJUfrlrzs > 100// 1 Jn*.I»£-fr£:^ atasasaLfca 
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— h**7&» #7— tMX 0.22 m m <7)St'D557-f UUtf7$2{, UFC30GV0 

0) £fflV>TK-X«:l$3cbfc. ^Sffc, fcf— X&l»£bfciSfeE 50m I £ 10% h 

00m 1 5% h'J ^P^iWCtfritU ttB'$ii-3t. 6N HC1 £f 100m 18s 

50b, U0*CTf 16 ^HiqfSMxfc^, HPLC T^>h~> bfc (T. Miyata 

£>, 1996, J. Am. Soc. Nephrol., 7: 1198-1206, T, Miyata 8, 1996, Proc. 
Natl. Acad. Sci. USA, 93: 2353-2358)* 

(fn5l£*63Kfi) 25mg 50mg ©Aofc^a.— 7\Z, tfVttV—fr* 

*^)ltfV ■ttt—)]/. Z-tt* -> if ton y > * PBS (-) Id »fl¥ b - )V 

mfe m uii omen s-tn^n sop ui^tp bo— r— sm^rM*? 

.'J#7SL UFC30GV00) TiltilU Jg&'pO^U )W ^^■)V^f^^ J &- 

m&fc 25mg K^fcJl'tf— ;U»*££ 900 m 1 SSiflbfc*^ ^U ^+J— JUte 7 
1%, ^Wl^U^-fr— ;WS96%, 3-^:*^:>^;U:ny >te97% 
Tco ft'&m 50mg <£>ig-&, ^U^*+>— JUte 85%, *^Jl/^U ;W* 98%, 
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3-x^->^V^V>«98% h^yfZftft (S3). 

-<7— — > PD-4, 1.5) £ 900^ 1 gslJQbn— -x— ^ — Srffl^T^iST 19 I3MJ1 
Jfcfc, 0. 22 Mm ©a^ajS^a — y (5'J#7& 

UFC30GV00) TifcjfiU aMR*©^ 'J :*-*1J— ;W ^^d/U^IJ— ;k 3-7^ 

«ttK25mgizlHBi2S#r»&?0Ptf l*j0Lfc»^, ^ii— 56%, * 
f-fr'ifVtt-Vr*- 3-r^y^3y>tJ 62% h 7 y72tirz a SH£ 

ft 50mg (cMMMtff^^ 900 m I »DLfc^^, :*-=HJ— JUtt 64%, 
'J^+J— ;Ute78%, 3-5 tf ^>'^JU=l V>te 77% h^y:7*£ft£: (@4). 

PBS(-) IC^£i±7^<&£* 12mg CDAo^a-yt 4 SMiLfcIlff^O 
■iStffJWOlfiiai 250m 1 SrSsflQU 37t:"e 1 iHKK >=^n.^- Mfc. -f >*J3.^— 
hJlftTSL at^«0±fll 50m 1 \Z, 12N HC1 £ 50m I ®JDU HOTTC 16 TOiP 

ilLfc (T. Miyata 1996, J. Am. Soc. Nephrol. , 7: 1198-1206, T. Miyata 
1996. Proc. Natl. Acad. Sci. USA. , 93:2353-2358). 

ttftOSSJOKJ:?), ^iit^LT^> H->v J >0)^^51%?p$iJ$tlfc. CIO 



WO 00/69466 



PCT/JPOO/03029 



27 

>b\z& k> m&sk tinman? u **v-)vt. * )mm 
^ufe. -rtet>%> Mm2QQu.\ izo.Gmi&mmm. 300^1 £*sipbT*K#&, & 

^l/T±?l^bfc. £(E>JL» 150 m 1 {3 IX o-^ZL U>$?7S> 20mK 1*3 
g&^*P<hbT IOmM (D 2, 3-7* 50^1 &iO*.iJt#«, 25*01? 1 B*MEJ£ 

£i*7c:. Ohmori (Ohmori S, et al.J. Chromatogr. 414: 149-155, 198 

7) iZ& V jr^r-V—frfr £ U jttt—frt.- o-7i- \s>V~T ^ 

;p«5 8%, ^^i-^u^-y— ;i4*6 5% h^?/y$n7t 0 istti* somg £§sin 

X;U^n;Uh K^v^^tf UA^l/>.fc:-X lOmg. £fc&20 mg V> X-o It? 
zl-7\z, W^f±BM(Dsia.m^ 500 m 1 gsinbn — ?— ^-Sffl^TSIT 12 U# 
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75 y ^7-->*>$ Ci. 1M >J >&y- h U V&MffiWi (pH7.4) tC^Lfe^ (5 
OmM, lQOmM) 5Qnl i:^if,#©jiii$ 450 m 1 £rrE"n Lt^iST 12 ^fsl^lL 
fc. 1 2 ra$ KM to^'j **-y— ;u t * V u j/iH & [HiS&tfiJ 6 ] 

5?>«$#'J75Hft *'J75 FfCXfcf^cUI/t: H 'J >£KJ&£-fe»:7t^ >>T 
?7 (PH 12) £»]L SO'CTltJl U$raKJft$1J- 5C<h tick 

QftmLTc (08)o SJft*£, #^y75;^7-y>^U75 K&zKT 

ifei*Ltti» Hftiwfflirifc. 

PBS (pH 7.4) ;Kk^«jjg« (^U^-y— JU, 

U^-^-y— ;k 3-7*^'>^;U3V># ltfM) lml y75 7 ^T— 
#U 7 5 K 30mg ^t^jL-^fCEsjtJDU D-t=— t^T^ifi (25t) T 
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M* 30 % , ^ if U **r*)r—M* 56 % . 3-5^ =¥ is tf)Vn V > \t 1 1 % 
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2. ikmmffi\zm^2>rz&<D. m&miiz&motifr-tf-jvit'&yoh^yzfma 

$>z. m&m 8 izf&m<D±Di^-jiit^mh z>v?n* 
i 2 . famm&mz^feit-t&tz&o), m^tm i 1 fci2m^^;i/^~;i'7. h vt. 
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FISHBANE. S et al, "Reduction of plasma apolipoprotein-B by 
effective removal of circulating glycation derivatives in 
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DESCRIPTION 

BLOOD CARBONYL COMPOUND -TRAPPING AGENT 

5 Technical Field 

The present invention relates to the removal of blood carbonyl 
compounds, specifically, to the removal of blood carbonyl compounds 
using a carbonyl compound-trapping agent. 

10 Background Art 

Hemodialysis is a typical therapy used for treating patients 
with chronic renal failure, wherein blood waste products and toxic 
substances are removed by contacting blood with a dialysate via a 
semipermeable membrane. However, the disease state of renal 

15 failure cannot completely be inhibited by dialysis. Such a disease 
state includes increase of advanced glycation end products (AGEs) 
and carbonyl intermediate (precursors of, AGE) levels in renal 
failure, patients. AGEs have been reported to modify protein 
structure and function and to be involved in the onset of 

20 complications of dialysis, such as dialysis amyloidosis and 
arteriosclerosis (Maki.ta, Z. etal., N. Engl. J. Med., 325: 836-842, 
1991; Miyata, T. et al., J. Clin. Invest., 92: 1243-1252, 1993; 
Miyata, T. et al., J. Clin. Invest., 93: 521-528, 1994; Miyata, T. 
et al., Proc. Natl. Acad. Sci. USA, 93: 2353-2358, 1996; Horie,' K. 
.5 et al., J. Clin. Invest., 100: 2995-3004, 1997; Miyata, T. et al . , 
FEBS letters, 445: 202-206, 1999) . ' Recently, it was revealed that 
the accumulation of carbonyl intermediates such as glyoxal, 
methylglyoxal, 3-deoxy glucosone and arabinose (so-called, 
carbonyl stress ) (Odani et al . , Biochem. Biophys. Res. Commun., 256: 

30 89-93, 1999; Niwa et al ., Nephron, 69: 438-443, 1995; Miyata et al . , 
Kidney Int., 55: 389-399, 1999; Miyata et al., J.. Am. Soc. Nephrol., 
9: 2349-2356, 1998) in blood plasma results in an increased AGE level 
in renal failure (Miyata, T. et al., J. Am. Soc. Nephrol.,' 9:' 
2 34 9-2356, 19 98; Miyata, T. et al. , Kidney Int. , 55: 389-399, 1999) . 

35 A va'riety of carbonyl intermediates (AGE precursors) derive mainly 
from carbohydrates and lipids (Miyata, T. et al., Kidney Int., 55: 
389-399, 1999; Miyata,. T. etal., Kidney Int., 54; 1290-1295, 1998; 
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Miyata, T. etal.. Kidney Int., 51: 1170-1181, 1997). Conventional 
hemodialysis cannot effectively remedy these increased levels of 
AGE and carbonyl intermediates, namely "carbonyl stress", in renal 
failure patients. . 

5 

Disclosure of the Invention 

An objective of the present invention is to provide a carbonyl 
compound-trapping agent for removing blood carbonyl compounds . 
Another objective of the present invention is to provide a method 

10 and agent for improving carbonyl stress state in a living body. The 
present invention enables to prevent the damage caused by carbonyl 
compounds in hemodialysis patients who are particularly prone to 
fall into a carbonyl stress state. The objective of the present 
invention is to reduce the damage by carbonyl compounds as much as 

15 possible in hemodialysis patients. 

First, the present inventors studied how the hemodialysis 
membrane used for hemodialysis influenced the quantity of carbonyl 
compounds in patients' blood. The content of blood pentosidine, 
a marker for the accumulation of carbonyl intermediate products (i.e. 

20 carbonyl stress), was compared by quantification with 
high-performance liquid chromatography (HPLC) for each type of 
dialysis membrane used by dialysis patients . The result showed that 
free pentosidine was markedly removed by dialysis through any 
dialysis membrane, while protein-bound pentosidine, which occupies 

';5' the major portion of pentosidine in the body could not be effectively 
removed by dialysis. 

Comparing the type of dialysis membrane indicated no 
difference in the value of protein-bound and free pentosidine with 
low-flux cellulosic, high-flux polymethyl methacrylate (PMMA) and 

30 AN69, but the value was lower with high-flux polysulfone (PS) 
(p<0.01). There were no differences of the value depending on 
whether the patient was Japanese or Belgian, or on the manufacturer 
of the PS membrane. Switching the dialysis membrane used by three 
patients from AN69 to PS decreased the protein-bound pentosidine 

35 level, and then, return to AN69 increased the level back to the 
original. These results revealed that polysulfone membrane is 
effective as a dialysis membrane for suppressing the generation of 
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carbohyl compounds . 

Then, the present inventors conceived the utilization of a 
carbonyl compound-trapping agent for the effective removal of blood 
carbonyl compounds. Blood plasma prepared from the blood of 
5 dialysis patients was incubated with carriers on which a carbonyl 
compound-trapping agent had been immobilized, and blood carbonyl 
compounds were quantified. The result showed that the incubation 
with carriers on which a carbonyl compound-trapping agent had been 
immobilized significantly reduced the quantities of blood carbonyl 
10 compounds . 

Based on these findings, the present inventors focused on 
. carbonyl compounds accumulated in blood and thought that the removal 
of carbonyl compounds accumulated in blood was required for 
improving carbonyl stress, mainly protein modification, in dialysis 
15 patients. Then, the inventors found that the use of a compound 
having the function of eliminating or reducing the protein 
modification activity of carbonyl compounds by chemically reacting 
with or adsorbing carbonyl compounds was effective to achieve the 
objective, and thus completed the present invention. In the present 
20 invention, a carrier, on which a compound having such a function 
has been immobilized, or the compound itself, is called a "carbonyl 
v compound-trapping agent". 

Namely, the present invention relates to . a carbonyl 
compound-trapping agent for removing blood carbonyl compounds, as 
.5 well as a method and agent for improving, carbonyl stress state in 
a living body as described below: 

(1) a carbonyl compound-trapping agent that removes a blood carbonyl 
compound; 

(2) the carbonyl compound-trapping agent according to (1), wherein 
30 said agent is used in hemodialysis; 

(3) the carbonyl compound-trapping agent according to (1), wherein 
said agent is immobilized on a blood-insoluble carrier; 

(4) the carbonyl compound-trapping agent according to (3) , wherein 
said carrier is a dialysis membrane; 

35 (5) the carbonyl compound-trapping agent according to (4), wherein 
said dialysis membrane is a polysulfone membrane; 

(6) the carbonyl compound-trapping agent according to (1), wherein 
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said carbonyl compound-trapping agent is a Maillard reaction 
inhibitor; 

(7) the carbonyl compound-trapping agent according to (6) , wherein 
said Maillard reaction inhibitor comprises at least one compound 

5 selected from the group consisting of aminoguanidine, pyridoxamine, 
hydrazine, SH group-containing compound, and derivatives thereof; 

(8) the carbonyl compound-trapping agent according to (1), wherein 
said agent comprises a compound that is insoluble in blood; 

(9) the carbonyl compound-trapping agent according to (8), wherein 
10 said compound that is insoluble in blood comprises at least one 

compound selected from the group consisting of an ion exchange resin, 
activated carbon, silica gel, alumina, and calcium carbonate; 

(10) an agent for improving the carbonyl stress state in a living 
body, wherein said agent comprises a carbonyl compound-trapping 

15 agent as an active ingredient; 

(11) an agent for improving the carbonyl stress state in blood, 
wherein said agent comprises a carbonyl compound-trapping agent as 
an active ingredient; 

. (12). the agent for improving the carbonyl stress state according 
20 to (11) , wherein said agent is immobilized within the blood circuit; 

(13) the agent for improving the carbonyl stress state according 
to (11) , wherein the carbonyl compound-trapping agent is a Maillard 
reaction inhibitor; 

(14) the agent for improving the carbonyl stress state according 
..5. to (13), wherein said Maillard reaction inhibitor comprises at least 

one compound selected from the group consisting of aminoguanidine, 
pyridoxamine, hydrazine, SH group-containing compound,. and 
derivatives thereof; 

(15) a method for improving carbonyl stress state, wherein said 
30 method comprises the step of contacting, within, the blood circuit, 

a patient's blood with a carbonyl compound-trapping agent; 

(16) the method according to (15), wherein said method comprises 
the step of immobilizing said carbonyl compound-trapping agent on 
a blood-insoluble carrier. 

35 The present invention also relates to the use of a carbonyl 

compound-trapping agent for removing blood carbonyl compounds . 
Further, the present invention relates to the use of a carbonyl 
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compound-trapping agent for manufacturing an agent for improving • 
blood carbonyl stress. 

In the present invention, carbonyl compounds to be trapped 
include, for example, . the following compounds that accumulate in 
5 the blood of renal failure patients together with oxidative stress. 
Carbonyl compounds derived from carbohydrates: 

• arabinose 

• glyoxal 

• methylglyoxal 

10 .* 3-deoxyglucosone 

Carbonyl compound derived from ascorbic acid: 

• dehydroascorbic acid 

Carbonyl compound derived from lipid: . 

• hydroxynonenal 
15 * malondialdehyde 

• acrolein - 

A preferred carbonyl compound-trapping agent in the present 
invention is one capable of completely inhibiting or reducing the 
protein-modification activity of all these carbonyl compounds 

20 through a chemical reaction or adsorption. However, the carbonyl 
compound-trapping agent of the present invention also includes. an 
agent effective for the major carbonyl compounds among these. 
Carbonyl compound-trapping agents that can be used in the present 
invention include, for example, the following compounds: 

, 5 • aminoguanidine (Foote, E. F. etal., Am. J. Kidney Dis., 25: 420-425 
(1995) ) 

• ± 2-isopropylidenehydrazono-4 -oxo-thiazolidin-5-ylacetanilide 
(OPB-9195; S. Nakamura, 1997, Diabetes 46:895-899) 

Further, the carbonyl compound-trapping agent includes, for 
30 example, the following compounds or derivatives thereof that are 

capable of functioning as carbonyl compound-trapping agents. 

"Derivatives" indicate compounds having an atomic or molecular 

substitution (s) at any position as compared with, the parent compound. 

By linking to carriers to facilitate separation from blood, these 
35 compounds can be used as carbonyl compound-trapping agents in the 

present invention. Alternatively, if the compound itself is. 

insoluble in blood, it can be used as the carbonyl compound-trapping 
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agent of this invention without being immobilized on carriers. 

(1) guanidine derivatives such as methylguanidine (JP-A Sho 
62-142114; JP-A Sho 62-249908; JP-A Hei 1-56614; JP-A Hei 1-83059; 
JP-A Hei 2-156; JP-A Hei 2-765; JP-A Hei 2-42053; JP-A Hei 6-9380; 

5 Published Japanese Translation of International Publication 

5- 505189), etc. 

(2) hydrazine derivatives such as sulf onylhydrazine, etc. 

(3) five-membered heterocyclic compounds having two nitrogen 
atoms, such as pyrazolone (JP-A Hei 6-287179) , pyrazoline (JP-A 

10 HeilO-167965) , pyrazole (JP-A Hei 6-192089; JP-A Hei6-298737 ; JP-A 
Hei 6-298738), imidazolidine (JP-A Hei 5-201993; JP-A Hei 6-135968; 
JP-A Hei7-133264; JP-A Hei 10-182460), hydantoin (JP-A Hei 

6- 135968) , etc. 

(4) five-membered heterocyclic compounds having three 
15 nitrogen atoms, such as triazole (JP-A. Hei 6-192089), etc. 

(5) five-membered heterocyclic compounds having a nitrogen 
atom and a sulfur atom, such as thiazoline (JP-A Hei 10-167965) , 
thiazole (JP-A Hei 4-9375; JP-A Hei 9-59258), thiazolidine (JP-A 
Hei 5-201993; JP-A Hei 3-261772; JP-A Hei 7-133264; JP-A Hei 

20 8-157473) , etc. 

(6) five-membered heterocyclic compounds having a nitrogen 
atom and an oxygen atom, such as oxazole (JP-A Hei 9-59258), etc. 

(7) nitrogen-containing six-membered heterocyclic compounds 
such as pyridine (JP-A Hei 10-158244; JP-A Hei 10-175954 ), and 

5 pyrimidine (Published Japanese Translation of International 
Publication 7-500811), etc. 

(8) nitrogen-containing condensed heterocyclic compounds such 
as indazole (JP-A Hei 6-287180) , benzimidazole (JP-A Hei 6-305964) , 
quinoline (JP-A Hei 3-161441), etc. 

30 (9) sulfur- and nitrogen-containing condensed heterocyclic 

compounds such as benzothiazole (JP-A Hei 6-305964), etc. 

(10) sulfur-containing condensed heterocyclic compound such 
as benzothiophene (JP-A Hei 7-196498), etc. 

(11) oxygen-containing condensed heterocyclic compounds such 
35 as benzopyran (JP-A Hei 3-204874; JP-A Hei 4-308586), etc. 

(12) nitrogenous compounds such as carbazoyl (JP-A Hei 2-156; 
JP-A Hei 2-753) , carbazic acid ( JP-A Hei 2-1 672 64 ) , hydrazine (JP-A 
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Hei 3-148220) , etc. 

(13) quinones such as benzoquinone ( JP-A Hei 9-315960), and 
hydroquinone (JP-A Hei 5-9114), etc. 

(14) aliphatic dicarboxylic acids (JP-A Hei 1-56614; JP-A Hei 
5 5-310565) 

(15) silicone containing compounds (JP-A Sho 62-249709) 

(16) organic germanium compounds (JP-A Hei 2-62885; JP-A Hei 

5- 255130; JP-A Hei 7-247296; JP-A Hei 8-59485) 

(17) flavonoids (JP-A Hei 3-240725; JP-A Hei 7-206838; JP-A 
10 Hei 9-241165; WO 94/04520) 

(18) alkylamines (JP-A Hei 6-2068L8; JP-A Hei 9-59233; JP-A 
Hei 9-40626; JP-A Hei 9-124471) 

(19) amino acids (Published Japanese Translation of 
International Publication 4-502611; Published Japanese Translation 

15 of International Publication 7-503713) 

(20) aromatic compounds such as ascochlorin (JP-A Hei 

6- 305959), benzoic acid (WO 91/11997), pyrrolo-naphthyridinium 
(JP-A Hei 10-158265), etc. 

(21) polypeptides (Published Japanese Translation of 
20 International Publication 7-500580 ) 

(22) vitamins such as pyridoxamine (WO 97/09981) , etc. 

(23) SH group-containing compounds such as glutathione, 
cysteine, N-acetylcysteine , etc. 

(24) SH group-containing proteins such as reduced albumin, etc. 
.5 (25) tetracyclines (JP-A Hei 6-256280) 

(26) chitosans (JP-A Hei 9-221427) 

(27) tannins (JP-A Hei 9-40519) 

(28) quaternary ammonium ion-containing compounds 

(29) biguanides such as metformin, phenformin and buformin 
30 (30) polymer compounds such as ion exchange resins 

(31) inorganic compounds such as activated carbon, silica gel, 
alumina and calcium carbonate. 

Most of the above compounds are generally known as Maillard 
reaction inhibitors. Maillard reaction means a non-enzymatic 
35 glycation reaction between a reducing sugar such as glucose, and 
an amino acid or protein. Focusing on a phenomenon of brown 
coloration in a mixture consisting of amino acid and reducing sugar 
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upon heating, Maillard reported this reaction in 1912 (Maillard, 
L. C, Compt. Rend. Soc. Biol., 72: 599 (1912). Maillard reaction 
is involved in brown coloration of food, generation of aromatic 
components and taste, and protein denaturation during heating or 
5 storage. Therefore, this reaction has been mainly studied in the 
field of food chemistry. 

In 1968, glycated hemoglobin (HbAlc) , a micro fraction of 
hemoglobin, was identified in vivo, which was found to increase in 
patients with diabetes (Rahbar . S . , Clin. Chim. Acta, 22: 296 (1968) ) . 

10 These findings helped launch a wave of interest in the significance 
of the in vivo Maillard reaction and the participation of the reaction 
in the onset of adult diseases, such as diabetic complications and 
arteriosclerosis as well as the progress of aging. Agents inhibiting 
the in vivo Maillard reaction were explored 'intensively, resulting 

15 in the discovery of the above-mentioned compounds as agents inhibiting 
the Maillard reaction. 

However, it was not known that such Maillard reaction inhibitors 
are capable of improving the carbonyl-stress state in 
peritoneal-dialysis patients by eliminating carbonyl compounds from 

20 the blood. ' * 

There is no particular limitation on the type of carrier to 
be used for the immobilization of the carbonyl compound-trapping 
agent of the present invention, as long as it is insoluble in blood 
and harmless to the human body, and is also safe and stabile as a 
5 material directly contacting blood. Specifically, such carriers 
include, for example, synthetic or naturally occurring organic 
polymer compounds, inorganic materials such as glass beads, silica 
gel, alumina, and activated carbon, and those of which surfaces are 
coated with polysaccharide or synthetic polymer. 

30 A carrier " comprising a polymer compounds is exemplified by a 

polymethyl methacrylate, polyacrylonitrile, polysulfone, vinyl, 
polyolefin, fluorine, polyester, polyamide, polyimide, 
polyurethane, polyacryl, polystyrene, polyketone, silicon, 
cellulose, chitosan; specifically, polysaccharides such as agarose, 

35 cellulose, chitin, chitosan, sepharose, dextran, etc. and 
derivatives thereof, and polyester, polyvinyl chloride, 
polystyrene, polys uf one, polyethersulf one, polypropylene, 
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polyvinyl alcohol, polyarylether sulfone, polyacrylic ester, 
polymethacrylic ester, polycarbonate, acetylated cellulose, 
polyacrylonitrile, polyethylene terephthalate, polyamide, 
silicone resin, fluororesin, polyurethane,. polyetherurethane , and 
5 polyacrylamide and derivatives thereof. These polymer, materials 
can be used alone or in a combination of two or more types of polymers . 
In the latter case, the carbonyl compound-trapping agent is 
immobilized on at . least one of the polymers. The immobilized 
carbonyl compound-trapping agent is used alone or in a combination 
10 of two or more types of compounds. Also, it is possible to add an 
appropriate modifier to these polymer materials or, subject them 
to denaturation treatment such as closs-linking by irradiation or 
peroxide. 

There is no restriction on the shape of carrier. For example, 

15 the carrier can be membrane-like, fiber-like, granular-shaped, 
hollow fiber- like, non -woven fabric- like, porous , or 
honeycomb-shaped. The carrier's area of contact with the 
peritoneal dialysate can be controlled by varying the thickness, 
surface area, diameter, length, shape, and/or size of the carrier. 

20 The carbonyl compound-trapping agent can be immobilized on 

the above-mentioned carrier by using known methods, such as physical 
adsorption, specific biochemical binding reaction, ion binding, 
covalent bonding, grafting, etc. If necessary, a spacer can be 
inserted between the carrier and the carbonyl compound-trapping 
5 agent. When the carbonyl compound-trapping agent is toxic, the 
amount released becomes a vital issue. Thus, it is preferred that 
the carbonyl compound-trapping agent is immobilized on the carrier 
by a covalent bond so as to minimize the amount released. Functional 
groups on the carrier are utilized for covalently bonding the 

30 carbonyl compound-trapping agent thereto. The functional group 
used is, for example, hydroxyl group, amino group, aldehyde group, 
carboxyl group, thiol group, silanol group, amide group, epoxy 
group, succinylimino group, etc.; however, the functional group is 
not limited to these groups. As examples of covalent bonds, ester 

35 bond, ether bond, amino bond, amid bond, sulfide bond, imino bond, 
disulfide bond, or the like can be given. 

A commercially available product, for example polystyrene 
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carrier having sulf onylhydrazine groups ( PS-TsNHNH2 , ARGONAUT 
TECHNOLOGIES CO. ) , can be used as a carrier for immobilizing carbonyl 
compound-trapping agent. 

The carrier with the immobilized carbonyl compound-trapping 
5 agent of the present invention can be sterilized by an appropriate 
sterilization method selected from known sterilization methods 
depending upon the types of carbonyl compound-trapping agent and 
carrier used. The sterilization method includes, for example, 
autoclaving, gamma-ray irradiation, gas sterilization, etc. 

10 Carbonyl compound-trapping agent-immobilized carriers could 

be contacted with blood in various ways. Examples are: the method 
where collected patient blood is infused into a blood bag filled 
with carbonyl compound-trapping agent-immobilized carriers, and 
trapping the carbonyl compounds in patient blood; the method where 

15 blood is circulated in a column- filled with bead carriers or fiber 
carriers, or the like, on which a carbonyl compound-trapping agent 
has been immobilized, etc. Not only whole blood, but also seperated 
blood plasma may be used for the treatment. The treated blood may 
be returned to the patient or, if required, may be stored in a blood 

20 bag, or the like. It is also possible to trap carbonyl compounds 
that generate and accumulate in blood in blood bags during storage, 
by including carriers on which carbonyl compound-trapping agents 
are immobilized within the blood bags. 

The contact between blood and carriers on which a carbonyl 
5 compound-trapping agent of this invention has been immobilized can 
be carried out during the blood purification step, including 
hemodialysis, blood filtration, blood filtration dialysis, blood 
adsorption, and blood plasma separation. 

For example, both hemodialysis and trapping of carbonyl 

30 compounds can be carried out simultaneously in hemodialysis 
patients, by placing carriers on which a carbonyl compound-trapping 
agent has been immobilized in the hemodialysis circuit. In this 
case, it is preferable to use the hemodialysis membrane as the 
carrier on which a carbonyl compound-trapping agent has been 

35 immobilized. Known types of dialysis, membranes can be used as 
carriers. Examples are, cellulose derivatives such as regenerated 
cellulose, and cellulose triacetate; and polymethyl methacrylate, 
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polyolefin, polysulf one, polyacrylonitrile (PAN), polyamide, 
polyimide, polyether nylon, silicon, and polyester copolymers, but 
are not limited thereto. As shown in the Examples, when polysulfone 
is used as the dialysis membrane, there was a decrease in the carbonyl 
5 intermediate product (pentosidine) level. Thus, among the 
above-mentioned dialysis membranes, it is particularly preferable 
to use a polysulfone membrane as the carrier. Instead of using a 
dialysis membrane as a carrier, a column filled with carriers on 
which a carbonyl compound-trapping agent has been immobilized may 

10 indeed be placed in the hemodialysis circuit as described above. 
Through contacting a patient's blood with carriers on which a 
carbonyl compound-trapping agent has been immobilized, carbonyl 
compounds are trapped from the blood, their damaging activity 
towards the living body is eliminated, and they become nontoxic. 

15 An anticoagulant may be used together to prevent blood-clotting in 
an extracorporeal circulation. Such anticoagulants include, for 
example, heparin, low-molecular-weight heparin, and Futhan 
(Nafamostat mesilate) . These may be immobilized on carriers. 

It is predicted that- there maybe some cases where carbonyl, 

20 compounds in patient blood are not completely treated during 
dialysis if the quantity of trapping agent used during the contact 
with blood is too small. Since pre-determination of the quantity 
of carbonyl compounds in the patient blood is particularly difficult, 
it is effective to maintain the activity of as many trapping agents 

.5 as possible within a range that ensures the safety of the patient. 
. The dose of a trapping agent can be adjusted by altering the quantity 
of trapping agent immobilized on the carriers, or the dose of 
carriers on which the trapping agent has been immobilized. 

In addition to the organic compounds represented by the above 

30 Maillard reaction inhibitors, polymer compounds such as ion 
exchange resin, or inorganic compounds such as activated carbon, 
silica gel, alumina, and calcium carbonate can also be used as 
carbonyl compound-trapping agents of the present invention. These 
compounds, which are known as filling agents used for chromatography, 

35 can trap carbonyl compounds due to their adsorption capability. 
Such compounds themselves can function as carriers, and therefore, 
for example, a filtrator installed within an extracorporal blood. 
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circulation circuit can be filled with them for use. Such a compound 
can also be utilized as a "carbonyl compound-trapping agent" 
comprised in the an agent for improving carbonyl stress state of 
the present invention. In this case, such compounds themselves 
5 function as carriers on which a carbonyl compound-trapping agent 
has been immobilized as described above. Alternatively, another 
carbonyl compound-trapping agent can be further immobilized on 
carriers . themselves having the capability of trapping carbonyl 
compounds . 

10 An adsorbing-type blood-purification device is known, in 

which activated carbon is used. This adsorbing-type 

blood-purification device is used for a supplementary method 
associated with hemodialysis for the purpose of blood purification 
in drug poisoning and hepatic coma, and the removal of various 

15 intrinsic and extrinsic toxins and vasoactive substances increased 
in the earlier phases of onset of acute renal failure associated 
with multi-organ failure. However, it has been completely unknown 
that such an adsorbing-type blood-purification device is effective 
as a carbonyl compound-trapping agent. 

20 

Brief Description of the Drawings 

Figure 1 shows the effect of changing the type of hemodialysis 
membrane on blood plasma pentosidine levels (pmol/mg protein) in 
3 patients. Each result is shown in a % value relative to the 
.5 corresponding initial value (41;8 pmol/mg protein for patient 1 (O) , 
22.1 pmol/mg protein for patient 2 (□) or 28.5 pmol/mg protein 
patient 3 (A) ) . Each value obtained is an average value of two 
samples collected 2 weeks after the end of each dialysis period (in 
the -2 nd and 0 th week of dialysis by AN69; in the 8 th and 10 th week 
•30 after the switch to PS; in the 14 th and 16 th weeks after the returning 
to AN69) . 

Figure 2 shows the suppression effect on the pentosidine level 
of blood plasma in dialysis patients by the incubation with beads 
on which a carbonyl compound-trapping agent had been immobilized. 
35 Figure 3 shows the carbonyl compound-trapping action by 

activated carbon in a dicarbonyl compound solution. 

Figure 4 shows the dicarbonyl compound-trapping action by 
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activated carbon in a peritoneal dialysate.. 

Figure 5 shows the activated carbon-mediated suppression 
effect on pentosidine generation when blood plasma from a dialysis 
patient was incubated at 37 °C. 
5 Figure 6 shows the removal of carbonyl compounds in blood 

plasma of a renal failure patient by activated carbon, or sulfonyl 
hydrazine-linked polystyrene beads. In this diagram, the ordinate 
shows the carbonyl compound concentration. 

Figure 7 shows the removal of carbonyl compounds in blood 
10 plasma of a renal failure patient by aminoguanidine . In this 
diagram, the ordinate shows the carbonyl compound concentration. 

Figure 8 shows a method for preparing diaminoguanidine-linked 
polyamide. 

Figure 9 shows the removal of carbonyl compounds in a 
15 dicarbonyl compound solution by diaminoguanidine-linked polyamide . 

Best Mode for Carrying out the Invention 

The present invention is specifically illustrated below with 
reference to Examples, but it is not to be construed as being limited 
20 thereto . 

[Example 1] The influence of the type of hemodialysis membrane on 
blood plasma pentosidine level 

1 . Patients 

•5 Belgian patients (n=29) and Japanese patients (n=97), 126 

patients (69 males and 57 females) in total, who had been subjected 
to hemodialysis 3 times a week, were tested. They were 61.2±13 
(standard deviation) years old on average. Only two of them were 
affected with mild type-II diabetes mellitus. Each patient used 

30 the same type of hemodialysis membrane for at least 3 months (or, 
2 or 3 patients used the same type of membrane for less than 3 months, 
but ever since initiating hemodialysis). In 26 of 29 Belgian 
patients, dialysis membranes were reused, but there was no reuse 
in Japanese patients. Data of residual diuresis (ml/day) , surface 

35 area of dialysis membrane, and duration of hemodialysis were 
obtained from clinical records of each patient. 

2. Types of membranes 
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The following hemodialysis membranes were used: high-flux (UF 
index>10 ml/mmHg/h) AN69 (Hospal; France) (group of AN69).; 
high-flux polysulf one (Fresenius; Germany) (group of PS); high-flux 
polysulfone (Asahi Medical; Japan) (group of APS) ; high-flux 
5 polymethylmethacrylate (Toray; Japan) (group of PMMA) ; and low-flux 
cellulosic (Asahi Medical ; Japan) (group of cellulose). 

3. Blood plasma samples 

Blood plasma samples were collected from all the 126 patients 
prior to the first hemodialysis, and then from 66 patients weekly 
10 after dialysis . 

All the samples were immediately subj ected to centrifugal 
separation. The blood plasma samples frozen at -20 °C were tested 
as follows : 

4. Quantification of total pentosidine and free pentosidine 

15 For quantification of total pentosidine, a sample (50 \xl)- was, 

lyophilized, dissolved in 100 fxl of 6N HC1, encapsulated with 
nitrogen gas and then incubated at 110°C for 16 hours/ neutralized 
with 100 \xl of 5N NaOH and 200 |xl of 0.5 M phosphate buffer (pH 7.4), 
subsequently filtered through a filter with a pore size of 0 . 5 \xm, 

20 and diluted 20 times with PBS. For quantification of the free 
pentosidine, the sample (50 \xl) was mixed with an equal amount of 
10% TCA, and then centrifuged at 5000 X g for 10 minutes. The 
supernatant was filtered through a filter with a pore size of 0.5 
|xm and diluted 4 times with distilled water. 

.5 Pentosidine in each of these samples was analyzed by reverse 

phase HPLC using a C18 reverse phase column (Waters, Tokyo, Japan) 
(Miyata, T. etal . , J. Am. Soc. Nephrol., 7: 1198-1206, 1996). The 
effluent was monitored with a fluorescence detector (RF-10A; 
Shimadzu) at an excitation/detection wavelength =335/385nm. A 

30 standard curve was prepared by using synthetic pentosidine . 

The level of protein-bound pentosidine (pentbsidine/protein) 
(pmol/mg protein) was calculated by [total pentosidine in blood 
plasma (pmol/ml) - free pentosidine (pmol/ml )]/ [blood plasma 
protein concentration (mg/ml) ] . 

35 5. Statistical analysis between groups of patients 

The respective values, including quantification of the 
pentosidine level, are indicated as mean ± standard deviation or 
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percentage (%) . The data. of residual diuresis was log-transformed. 
Through one-way analysis of variance (one-way ANOVA) (with F-test) , 
individual data and the pentosidine level were compared between 
groups of hemodialysis patients using different dialysis membranes. 
5 Furthermore, the groups of dialysis membranes were compared and 
analyzed by using Bbnferroni t-test . Through chi 2 test, the degree 
of residual diuresis was compared between the various groups. 

The result of cross-sectional analysis among the five groups 
of patients is shown in Table 1. There were no significant 

10 age-related differences among the groups. The blood plasma protein 
level was higher in the AN69 and cellulosic groups. In APS group, 
the area of the dialysis membrane was larger, and both the period 
of hemodialysis prior to the study and duration of a single dialysis 
were longer. On the other hand, residual diuresis was higher in 

15 the PS group. 
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Table 1 
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Before dialysis, the levels of protein-bound pentosidine and 
of free pentosidine in blood plasma were similar among the AN69, 
PMMA, and cellulosic groups, but were significantly lower in the 
PS and APS groups. There was no significant difference between the 
5 PS and APS groups (Table 2) . 
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Table 2 
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Univariate analysis of a variety of factors that may influence 
predialysis blood plasma pentosidine, indicated that residual 
diuresis significantly affected protein-bound and free 
pentosidine: the higher the residual diuresis, the lower the 
5 pentosidine level. No correlation was found between pentosidine 
level and blood plasma protein level, albumin level, age, or dialysis 
history (Table 3) . Relating to polysulfone (PS and APS groups) 
groups, the predialysis pentosidine level in Belgian patients or 
Japanese patients subjected to dialysis with polysulfone membranes 
10 from Fresenius or Asahi Medical co. were similar to each other (Table 
4) . 

Table 3 

Univariate analysis of the relationship between pentosidine level and 





Dotentiai 
log. diuresis 


iv exDianatorv continuous vanaoies: 
Total protein Alubumin 


r values 
Age 


Durat ion 


pentos i d i ne/prote i n 


-0.28 


-0.08 0 


0.14 


0.03 


free pentosidine 


-0.36 


0.01 -0.12 


0.15 


0.02 



** = p<0.01 
p<0.001 

15 Table 4. 



Pentosidine levels and residual diuresis in polysulfone groups, 

according to polysulfone brand and/or country of patients 





Fresenius 
Be 1 g i um 


Fresenius 
Japan 


Asahi 
Japan 


P value 


pentos i d i ne/prbte i n 

(pmol/mg protein) 


14.6 ±6.2 


15.3±6.3 


16.2 ±4.8 


NS 


free pentos i d i ne (pmo 1 /m 1 ) 


37.3±19.6 


45.4±25.9 


32.4±11.3 


NS 


residual diuresis (ml /day) 


938(23) 


49(14) 


47(10) 


0.004 



As described above, it was revealed that pentosidine levels 
were lower in dialysis patients using polysulfone dialysis 
membranes than those in dialysis patients using other dialysis 
20 membranes. Decreases in pentosidine levels were seen in patients 
dialyzed with a polysulfone membrane, independent of the patients' 
country or the manufacturer of the dialysis membranes. Furthermore, 
although patients subjected to dialysis with polysulfone dialysis 
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membrane from Ashahi Medical were substantially anuric, pentosidine 
'levels were similarly lower. In the group using polysulfone from 
Fresenius, there was no alteration in statistical significance in 
the difference of pentosidine level, even when patients with urinary 
volumes greater than 300 ml/min were excluded. 

Because AN69 is also high-flux type and pentosidine levels 
before dialysis in dialysis with high-flux AN69 and low-flux 
cellulosic showed similar results, the difference in pentosidine 
level is estimated to be independent of the removing capacity of 
dialysis membrane. 

The relationship between protein-corrected pentosidine level 
or free pentosidine level and residual diuresis was analyzed by 
linear regression analysis. The effect of each explanatory 
variable on dependent variable (protein-corrected pentosidine 
level and free pentosidine level) was tested by variable selection 
— multiple regression analysis (Forward stepwise multiple 
regression analysis) . All the analyses were carried out by using 
BMDP statistics software (BMDP is the trade mark of New System 
Professional Edition: Statistical Solutions Inc., University of 
California Press, Berkeley, 1995). A P value less than 0.05 was 
considered significant . 

The analysis result showed that dialysis membrane type and 
residual diuresis were the two sole independent determinants of 
protein-bound and free pentosidine levels (Table 5) . Considering 
the fact that none of the interactions were significant, the 
influence of residual diuresis on pentosidine level was not affected 
by dialysis membrane type. 
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Table 5 



The variable selection-multiple regression analysis of determinants of pentosidine levels 
(Forward stepwise multiple regression analysi s) 





pentos i 


dine/protein 


free pentosidine 




Increase in R 


P value 


Increase in R 


P value 


membrane type 


0.53 


<0.001 


0.59 


<0.001 


log. diuresis 


-0.21 


<0.001 


-0.36 


<0.001 


total protein 


-0.17 


NS 


0.05 


NS 


a 1 bum i n 


-0.05 


NS 


-0.1 


NS 


age 


0.12 


NS 


0.16 


NS 


period of hemodialysis —0.01 


NS 


-0.08 


NS 



6. The effect of dialysis membrane on pentosidine levels before and 
after hemodialysis 

To further analyse the mechanism underlying dialysis membrane 
effect on predialysis pentosidine levels, pentosidine levels before 
and after dialysis were determined for four groups of patients with - 
high-flux polysulfone. (Fresenius), AN69, PMMA, or low-flux 
cellulosic dialysis membranes (Table 6) . 

Table 6 



Influence of a single hemodialysis session on pentosidine ievel 





PS 


AN69 


PMMA 


ce 1 1 u I os i c 




n=14 


n=15 


n=9 


n=28 


pentos i d i ne/prote i n (pmo I /mg prote i n) 










Pre 


14.6 + 6.2 


25.4±8.4 


24.3 ±8.5 


21.8±6.4 


Post 


13.8±6.6 


23.4±5.6 


22.8 ±8.3 


22.1 ±5.8 


free pentos id ine(pmol /ml) 










Pre 


37.3 ±19.6 


76.4±28.5 


70.3 ±26 


53.5±18.5 


Post 


10.9±6.6 


17.5±4.9 


21.7±7 


14.7 ±6.9 


(reduction ratio) (%) 


(71±11) 


(76±7) 


(67 ±9) 


(73 ±6) 



As predicted by the above experiment, the. level of 
protein-bound pentosidine was almost unaltered and also was 
independent of the dialysis membrane type. Although only the level 
of free pentosidine markedly decreased, the percentage, which was 
between 76% (AN69) and 67% (PMMA) was similar in all the groups. 
There was no significant difference among the groups. Thus, it was 
revealed that the lower predialysis pentosidine levels observed in 
dialysis patients using polysulfone membranes could not be 
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accounted for by differences in the dialysis capacity of the 
membranes. 

The present inventors previously showed that hemodialysis 
itself did not affect the total pentosidine or protein-bound 
5 pentosidine levels (Miyata, T. et al., Kidney Int., 51: 880-887, 
1997). This finding agrees with the fact that 95% of pentosidine. 
bind with albumin that cannot be eliminated through dialysis (Miyata, 
T. et al., J. Am. Soc. Nephrol., 7: 1198-1206, 1996) . This finding 
is supported by the result obtained in the above Example with the 

10 four different types of dialysis membranes. On the contrary, the 
amount of free pentosidine decreased by hemodialysis, and a similar 
phenomenon was observed with every dialysis membrane. This result 
is predictable by the molecular weight of free pentosidine (379 Da) . 
The fact that, pentosidine levels before and after hemodialysis were 

15 similar for all the dialysis membranes indicates that not only 
passive transport, but also absorption of pentosidine occurs during 
dialysis with polysulfone or other dialysis membranes. The level 
of absorption of radio-labeled free pentosidine with cellulosic 
membrane or polysulfone membrane in vitro is very small, and in 

20 reality, there was no difference. 

Thus, the decreased predialysis pentosidine level cannot be 
explained by the fact that the polysulfone membrane enhances removal 
of pentosidine . There may be another possibility that the dialysis 
with polysulfone membrane relates to the suppression. of pentosidine 
.5 production. 

As pointed out previously, pentosidine level reflects the 
concentration of carbonyl intermediates derived. from carbohydrates. 
The polysulfone membrane has the specific effect of removing these 
carbonyl compounds, and thus, it may be. having an effect on 

30 pentosidine production. Alternatively, there may be also the 
possibility that the polysulfone membrane reduces oxidative stress 
assumed to be associated with uraemia (Miyata, T. et al., Kidney 
Int., 54; 1290-1295, 1998; Miyata, T. et al., Kidney Int., 51: 
117.0-1181, 1997; Loughrey, CM. et al. , Q. J. Med. , 87: 679-683, 1994; 

35 Ueda, Y. et al., Biochem. Biophys. Res. Commun., 245: 785-790, 1998; 
Kumano, K. et al., Adv. Per it . Dial . , 1992; 8 : 127-130; Wit ko-Sarsat , 
V. et al., Kidney Int., 49: 1304-1313, 1996). There is also the 
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possibility that the decrease in oxidative stress suppreses the 
production of carbonyl compounds, and as a result, the generation 
of pentosidine is decreased (Miyata, T. et al . , Kidney Int., 51: 
1170-1181, 1997) ... 
5 7. The effect of switching the dialysis membrane on the pentosidine 
level 

To verify the specific pentosidine-lowering effect of 
polysulfone, a longitudinal analysis was conducted in three anuria 
patients subjected to long-term (>5 years) AN69 dialysis. The 

10 patients were switched to a polysulfone (Fresenius) dialysis 
membrane of similar surface area for 10 weeks, and subsequently, 
the membrane was returned to AN69. Predialysis samples were 
collected every 2 weeks before the switch to PS (2 samples) , during 
PS dialysis (5 samples) , and 14-16 weeks after the return to AN69 

15 (2 samples) . 

It was found that protein-bound pentosidine level of each 
patient gradually decreased after switching to PS dialysis, and 
subsequently, due to the resumption of AN69 dialysis, the level 
returned to that when using AN69 prior to the switch to PS (Figure 

20 1) . 

The decrease in pentosidine level observed in the longitudinal 
study in patients, which was carried out by switching AN69 to PS 
dialysis, is only one third of the difference (10.4 compared to 3.6 
pmol/mg protein) between the PS and AN69 groups observed in the 
.5 cross-sectional study. This discrepancy may be due to the fact that 
the observation after the transfer to PS dialysis lasted only 10 
weeks. If polysulfone reduces the rate of pentosidine generation, 
it will be possible to explain the fact that protein-bound 
pentosidine decreased so slowly. Under such circumstances, the 

30 decrease in protein-bound pentosidine level may result from only 
protein metabolism. A similar observation was made after 
successful kidney transplantations. In such cases, the decrease 
in protein-bound pentosidine was considerably slower than the 
decrease in blood plasma ^-microglobulin, suggesting that the 

35 decrease occurs very slowly, and the decomposition of protein-bound 
pentosidine is very slow (Miyata, T. etal., Kidney Int., 51: 880-887, 
1997; Hricik, DE . etal., Clin. Transplantation, 10: 568-573, 1996). 
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[Example 2] The removal of blood carbonyl compounds by carriers on 
which a carbonyl compound-trapping agent has been immobilized 

A cross-linked polystyrene resiri bound to a sulf onyl hydrazine 
5 group (PS-TsNHNH2, ARGONAUT TECHNOLOGIES) was used as a carbonyl 
compound-trapping bead to study its effect in removing blood 
carbonyl compounds. Blood plasma from a dialysis patient and those 
supplemented with carbonyl compound-trapping beads were incubated 
at 37°C to test the pentosidine generation-suppressing effect. 100 

10 \xl of dimethylsulf oxide was added to the tube containing carbonyl 
compound-trapping beads to swell the beads, and then 
filter-sterilized blood plasma from a predialysis dialysis patient 
was added thereto. The mixture was incubated at 37°C for one week. 
After incubation, the beads were removed with a centrifugal filter 

15 having a pore size of 0.22 \xm (Millipore, UFC30GV00) . Then, 50 \xl 
of 10% trichloroacetic acid was added to 50 \xl of the bead-free 
solution, and the mixture was centrifuged to precipitate proteins. 
The resulting protein pellet was washed with 300 |J,1 of 5% 
trichloroacetic acid and then dried. Subsequently, 100 \xl of 6N 

20 Hcl was added to the pellet and heated at 110°C for 16 hours, and 
then, pentosidine was quantified by HPLC (Miyata, T. et al., 1996, 
J. Am. Soc. Nephrol., 7: 1198-1206, Miyata, T. et al., 1996, Proc. 
Natl. Acad. Sci. USA, 93: 2353-2358). 

The amount of pentosidine generated during incubation at 37 °C 

-5 is shown in Figure 2. It was found that the addition of carbonyl 
compound-trapping beads suppressed the generation of pentosidine. 
In addition, the suppression of pentosidine generation depended on 
the amount of carbonyl compound-trapping beads added. 

These results showed that bipod carbonyl compounds could be 

30 removed by carriers on which the carbonyl compound-trapping agent 
had been immobilized. Further, it was revealed that polysulfone 
membrane was a particularly suitable hemodialysis membrane for 
improving carbonyl stress state. 

35 [Example 3] The removal of carbonyl compounds from a dicarbonyl 
compound solution by activated carbon 

900 \xl of a dicarbonyl solution, in which each of glyoxal, 



25 



methylglyoxal, and 3-deoxyglucosone had been dissolved (100 \xM each) 
in PBS (-) , was added to a tube containing 25 mg or 50 mg of activated 
carbon (Wako Pure Chemical Industries) and the mixture was stirred 
with a rotator at room temperature for 19 hours. Then, the solution 
5 was filtered through a centrifugal filtration tube with a pore size 
of 0.22 jxm (Millipore; UFC30GV00) and the concentrations of glyoxal, 
methylglyoxal, and 3-deoxyglucosone in the filtrate were measured 
by high-performance liquid chromatography. 

When 900 \il of the dicarbonyl solution was added to 25 mg of 
10 activated carbon, 71% of glyoxal, 96% of methylglyoxal, and 97% of 
3-deoxyglucosone were trapped. When 50 mg of activated carbon was 
used, 85% of glyoxal, 98% of methylglyoxal, and 98% of 
3^deoxyglucosone were trapped (Figure 3). 

15 [Example 4] The removal of dicarbonyl compounds from a peritoneal 
dialysate by activated carbon 

Since typically, a peritoneal dialysate contains a high 
concentration of glucose, glucose-derived carbonyl compounds are 
produced during sterilization or storage . These carbonyl compounds 

20 are transferred into the living body during peritoneal dialysis, 
which is one factor causing carbonyl stress state. Thus, the effect 
of the carbonyl compound-trapping agent of the present invention 
in removing carbonyl compounds from a peritoneal dialysis liquid 
was evaluated. 

-5 900 \xl of a peritoneal dialysate (Baxter Ltd.; Dianeal PD-4, 

1.5) was added to a tube containing 25 mg or 50 mg of activated carbon 
and the mixture was stirred with a rotator at room temperature for 
19 hours. Then, the solution was filtered through a centrifugal 
filtration tube with a pore size of 0.22 \xm (Millipore; UFC30GV00) , 

30 and the . concentrations of glyoxal, methylglyoxal, and 
3-deoxyglucosone in the filtrate were measured, by high-performance 
liquid chromatography. 

When 900 \xl of peritoneal dialysate was added to 25 mg of 
activated carbon, 56% of glyoxal, 71% of methylglyoxal, and 62% of 

35 3-deoxyglucosone was trapped. When 900 [il of peritoneal dialysate 
was added to 50 mg of activated carbon, 64% of glyoxal, 78% of 
methylglyoxal, and 77% of 3-deoxyglucosone were trapped (Figure 4) . 
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[Example 5] The pentosidine generation-suppressing effect of 
activated carbon when blood plasma from a dialysis patient was 
incubated at 37 °C 
5 250 \il of filter-sterilized blood plasma from a predialysis 

dialysis patient was added to a tube containing 12 mg of activated 
carbon suspended in PBS(-), and the mixture was incubated at 37 °C 
for one week. After incubation, 50 \il of 12N HC1 was added to 50 
\il of supernatant obtained by centrif ugation, and the mixture was 

10 heated at 110°C for 16 hours for hydrolysis. Then, pentosidine was 
quantified by high-performance liquid chromatography (Miyata, T. 
et al., 1996, J. Am. Soc. Nephrol., 7:1198-1206, Miyata, T. et al., 
1996, Proc. Natl. Acad. Sci. USA., 93:2353-2358). 

The amount of pentosidine generated by the incubation at 37 °C 

15 is shown in Figure 5. When compared with the control, 51% of 
pentosidine generation was suppressed by the addition of activated 
carbon. This suggested that carbonyl compounds that are precursors 
. of pentosidine were adsorbed by activated carbon. 

20 [Example 6] The removal of carbonyl compounds from blood plasma by 
activated carbon 

500 \xl of blood plasma from a renal failure patient was added 
to a tube containing 20 mg or 50 mg of activated carbon (Wako Pure 
Chemical Industries) , and then the mixture was stirred with a rotator 
.5 at room temperature for 12 hours. After the separation of activated 
carbon by centrif ugation, the concentrations, of glyoxal and 
methylglyoxal in blood plasma were measured by high-performance 
liquid chromatography. 

The concentrations of glyoxal and methylglyoxal in blood 

30 plasma were measured as follows. First, 300 \xl of 0.67M perchloric 
acid was added to 200 \xl of blood plasma, and then, the. mixture was 
stirred and centrif uged to separate the supernatant. 20 \xl of 1% 
o-phenylenediamine and 50 \xl of 10 \xM 2 , 3-butanedione (internal 
standard) were added to 150 \il of the supernatant. The mixture was 

35 stirred and incubiated at 25°C for 1 hour. According to the method 
described by Ohmori et al. (Ohmori, S. et al., J. Chromatogr., 414: 
149-155, 1987) , quinoxaline derivatives generated via the reaction 
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between glyoxal or methylglyoxal and 6-phenylenediamine were 
separated for the quantification by HPLC with a reversed-phase 
column. 

The result is shown in Figure 6. When 20 mg of activated carbon 
5 was added to blood plasma, 58% of glyoxal and 65% of methylglyoxal 
were trapped. When 50 mg of activated carbon was added, 75% of 
glyoxal and 80% of methylglyoxal was trapped. 

[Example 7] The removal of carbonyl compounds from blood plasma by 
10 sulfonyl hydrazine-linked polystyrene beads (Ps-TsNHNH 2 ) 

500 \xl of blood plasma from a renal failure patient was added 
to a tube containing 10 mg or 20 mg of sulfonyl hydrazine-linked 
polystyrene beads and then the mixture was stirred with a rotator 
at room temperature for 12 hours. After the separation of sulfonyl 
15 hydrazine-linked polystyrene beads by centrif ugation, the 
concentrations of glyoxal and methylglyoxal in blood plasma were 
measured by high-performance liquid chromatography according to the 
same method as in Example 6. The result is shown in Figure 6. When 
10 mg of sulfonyl hydrazine-linked polystyrene beads were added to 
20 blood plasma, 45% of glyoxal and 39% of methylglyoxal were trapped. 
When 20 mg of sulfonyl hydrazine-linked polystyrene beads were added, 
75% of both glyoxal and methylglyoxal were trapped. 

[Example 8] The removal of carbonyl compounds from blood plasma by 
.5 aminoguanidine 

50 [xl of a solution in which aminoguanidine (50 mM, or 100 

mM) was dissolved in 0 . 1M sodium phosphate buffer (pH 7.4) was mixed 

with 450 \xl of blood plasma from a renal failure patient, and the 

resulting mixture was left at room temperature for 12 hours. After 
30 12 hours, the concentrations of glyoxal and methylglyoxal in blood 

plasma were measured by high-performance liquid chromatography 

according to the same method as in Example 6. 

The result is shown in Figure 7 . When aminoguanidine 

concentration in blood plasma was 5 mM, 50% of glyoxal and 46% of 
35 methylglyoxal were trapped. When aminoguanidine concentration was 

10 mM, * 58% of glyoxal and 70% of methylglyoxal were trapped. 
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[Example 9] The removal of carbonyl compounds by carriers on which 
a carbonyl compound-trapping agent has been immobilized 

The action of removing carbonyl compounds by carriers, on 
which a carbonyl compound-trapping agent has been immobilized, was 
5 evaluated by using diaminoguanidine-linked polyamide. 
Diaminoguanidine-linked polyamide was prepared by reacting 
polyamide with epichlorohydrin and adding an aqueous solution of 
diaminoguanidine (pH 12) thereto, followed by incubation at 80°C 
for about 1 hour (Figure 8) . After the reaction was completed, the 

10 resulting diaminoguanidine-linked polyamide was washed with water 
and then dried for use in the subsequent experiments. 

1 ml of a dicarbonyl compound solution (glyoxal, methylglyoxal , 
3-deoxyglucosone ; 1 \xM each in PBS (pH 7.4)) was added to a tube 
containing 30 mg of diaminoguanidine-linked polyamide. The mixture 

15 was stirred with a rotator at room temperature (25°C) for 5 hours, 
and 100 \xl of those were centrifuged. The residual glyoxal, 
methylglyoxal, and 3-deoxyglucosone in the supernatant were 
converted to derivatives thereof, and were determined by 
high-performance liquid chromatography. The result is shown in 

20 Figure 9. 30% of glyoxal, 56% of methylglyoxal, and 11% of 
3-deoxyglucosone were trapped. When diaminoguanidine-f ree 
polyamide was used as a negative control under the same conditions, 
the above carbonyl compound-trapping action was not detectable. 

The results described above verified that the carbonyl 
.5 compounds could be removed effectively from the liquid by carriers 
on which the carbonyl compound-trapping agent has been immobilized. 

Industrial Applicability 

The present invention enables effective removal of blood 

30 carbonyl compounds. The agent of the present invention for 
improving carbonyl stress state can be used readily by immobilizing 
it on a dialysis membrane for hemodialysis, or alternatively 
immobilizing it on other carriers and placing it within the blood 
circuit. Thus, the present invention makes it possible to ease 

35 damages caused by carbonyl compounds (i.e. carbonyl stress) from 
which renal failure patients have long suffered. 
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CLAIMS 



1. A carbonyl compound-trapping agent that removes a blood carbonyl 
. compound . 

5 

2. The carbonyl compound-trapping agent according to claim 1, 
wherein said agent is used in hemodialysis. 

3. The carbonyl compound-trapping agent according to claim 1, 
10 wherein said agent is immobilized on a blood-insoluble carrier. 

4. The carbonyl compound-trapping agent according to claim 3, 
wherein said carrier is a dialysis membrane. 

15 5. The . carbonyl compound-trapping agent according to claim 4, 
wherein said dialysis membrane is a polysulf one membrane . 

6. The carbonyl compound-trapping agent according to claim 1, 
wherein said carbonyl compound-trapping agent is a Maillard 

20 reaction inhibitor. 

7. The carbonyl compound-trapping agent according to claim 6, 
wherein said Maillard reaction inhibitor comprises at least one 
compound selected from the group consisting of aminoguanidine, 

.5 pyridoxamine, hydrazine, SH group-containing compound, and 
derivatives thereof. 

8. The carbonyl compound-trapping agent according to claim 1, 
wherein said agent comprises a compound that is insoluble in blood. 

30. 

9. The carbonyl compound-trapping agent according to claim 8, 
wherein said compound that is insoluble in blood comprises at least 
one. compound selected from the group consisting of an ion exchange 
resin, activated carbon, silica gel, alumina, and calcium 

35 carbonate. 

10. An agent for improving the carbonyl stress state in a living 
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body, wherein said agent comprises a carbonyl compound-trapping 
agent as an active ingredient. 

11. An agent for improving the carbonyl stress, state in blood, 
5 wherein said agent comprises a carbonyl compound-trapping agent as 

an active ingredient. 

12. The agent for improving the carbonyl stress state according to 
claim 11 , wherein said agent is immobilized within the blood circuit . 

10 

13. The agent for improving the carbonyl stress state according to 
claim 11, wherein the carbonyl compound-trapping agent is a Maillard 
reaction inhibitor. 

15 14. The agent for improving the carbonyl stress state according to 
claim 13, wherein said Maillard reaction inhibitor comprises at 
least one compound selected from the group consisting of 
aminoguanidine, pyridoxamine , hydrazine, SH group-containing 
compound, and derivatives thereof. 

20 

15. Amethod for improving carbonyl stress state, wherein said method 
comprises the step of contacting, within the blood circuit, a 
patient's blood with a carbonyl compound-trapping agent. 

v.5 16. The method according to claim 15, wherein said method comprises 
the step of immobilizing said carbonyl compound-trapping agent on 
a blood-insoluble carrier. 
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ABSTRACT 

A carbonyl compound-trapping agent is contacted with a 
patient's blood. Thereby, carbonyl compounds are effectively 
removed from the patient's blood, and thus, damages from carbonyl 
compounds (i.e. carbonyl stress) can be reduced. 
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Figure . 2 
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Figure . 3 
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Figure . 4 
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Figure . 5 
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Figure . 8 
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